Four bis(3,4,5,6-tetrahydropyrimidinium) chlorides (2a-d) have been prepared and characterized by conventional spectroscopic methods and elemental analyses. A highly effective, easy to handle and environmentally benign process for palladium mediated Suzuki cross-coupling was developed. The in situ prepared three-component system Pd(OAc) 2 / bis(3,4,5,6-tetrahydropyrimidinium) chlorides (2a-d) and K 2 CO 3 catalyses quantitatively the Suzuki crosscoupling of deactivated aryl chlorides.
Introduction
Reactions in which carbon-carbon bond formation took place are important in processes such as bioactive molecule synthesis, drugs and agrochemical syntheis. In particular, a metal catalyst offers a novel model for preparation of such molecules, quite large numbers of papers which predict spectroscopic and structural properties of transition metal complexes have appeared. In general, Suzuki cross-coupling reaction is interpreted as arising from the combination of organoboron compounds with electrophiles catalyzed by palladium complexes.
1,2
The C-Cl bond in chloroarenes is mainly used since chloroarenes are readily available inexpensive materials from an industrial point of view. Traditionally, however, the C-Cl bond in chloroarenes has been found to be comparatively inert. 3 For a along time, the use of unactivated aryl chlorides as substrates in Suzuki-Miyaura cross-coupling was not feasible. Instead, more costly and less readily available aryl iodides and bromides were used. Buchwald 4 and Fu 5 were the first who independently developed catalyst systems based on electron-rich, sterically demanding phosphine ligands, which allow the Suzuki-Miyaura cross-coupling of many unactivated aryl chlorides. However, the major drawback of these is that the phosphine ligands are comparatively difficult to prepare or rather expensive. Furthermore, tertiary phosphines require air-free handling to prevent their oxidation and are susceptible to P-C bond cleavage at elevated temperatures. 6 Transition metal complexes incorporating 1,3-diorganyl N-heterocyclic carbene (NHC) ligands, such as imidazol-2-ylidene, imidazolidin-2-ylidene, benzimidazol-2-ylidene and 3,4,5,6-tetrahydropyrimidin-2-ylidene have attracted a great deal of interest in recent years. [7] [8] [9] [10] [11] [12] [13] [14] They are often synthesised via reaction of an azol(in)ium salt (LHX) with a basic salt such as Pd(OAc) 2 to give M(NHC)L m .
Research in this area was principally motivated by the use of these complexes as catalyst precursors. Many different catalytic applications of NHC complexes have been described. [15] [16] [17] Palladium-catalysed cross-coupling reactions are particularly attractive because of their versatility for formation of C-C bonds. [18] [19] [20] Sterically hindered, electron-rich alkyl phosphines 21 and carbene 22 ligands have received growing interest in recent years. Yet, the phosphine ligands and the phosphine-palladium complexes are labile to air and moisture at high temperatures, placing significant limits on their synthetic utility. Therefore, from a practical point of view, the development of more stable ligands leading to more reactive catalysts have gained importance for palladium-catalyzed Heck and Suzuki coupling reactions. Recently, nucleophilic Nheterocyclic carbenes (NHC's) 23 with stronger σ-donor properties than the bulky tertiary phosphines 24 , have emerged as a new family of ligands. In contrast to metal phosphine complexes, the metal-NHC complexes appear to be extraordinarily stable towards heat, air and moisture due to the high dissociation energies of the metal-carbon bond. 25 The development of new ligands or the application of existing ligands in these reactions, particularly those involving aryl chlorides as substrates, is still of considerable importance. Recently, we have improved procedures Heck and Suzuki reactions of aryl chlorides making use of novel ligands 1,3-bis(dialkyl)imidazolium and benzimidazolinium salts. 26 Although the nature of the NHC ligand on complexes have tremendous influence on the rate of catalyzed reactions, the use of 3,4,5,6-tetrahydropyrimidinium ligands in coupling reactions is a neglected area. In order to find more efficient palladium catalysts we have prepared a series of new bis(3,4,5,6-tetrahydropyrimidinium) chlorides (2) (Scheme 1). We now report on the use of the in situ generated catalytic system composed of commercially available and stable reagents, Pd(OAc) 2 as palladium source, bis(3,4,5,6-tetrahydro-pyrimidinium) chlorides (2a-d) as a carbene precursor and K 2 CO 3 as a base for cross coupling of aryl chlorides with phenylboronic acid.
Results and Discussion
Bis ( The structures of 2 were determined by their characteristic spectroscopic data and elemental analyses. 13 
Conclusions
In conclusion, we have developed a new type of easily prepared bis(3,4,5,6-tetrahydropyrimidinium) salts (2a-d) useful as ligands for the Suzuki-Miyaura coupling reaction. Through the use of 2 and Pd(OAc) 2 as a pre-catalyst mixture, aryl halides undergo efficient coupling reactions with C 6 H 5 B(OH) 2 in the presence of K 2 CO 3 . Several trends are readily apparent. First, the procedure is simple and does not require induction periods. Second, the scope 1 H NMR and 13 C NMR spectra were recorded using a Bruker AC300P FT spectrometer operating at 300. To a solution of 1-methyl-3,4,5,6-tetrahydro pyrimidine (0.98 g, 10 mmol) in DMF (10 mL) 1,2-bis(chloromethyl)benzene (0.87 g, 5 mmol) was added slowly and the resulting mixture was stirred at room temperature for 5h. Diethyl ether (10 mL) was added to obtain a white crystalline solid which was filtered off. The solid was washed with diethylether (3x 10 mL) dried under vacuum and the crude product was recrystallized from ethanol/diethylether. mp = 150-151 o C, and the yield was 1.65 g, 89 %, ν (CN) 3'-dimethyl-1,1'(1,3-bismethylenebenzene)(3,4,5,6 -tetrahydro pyrimidinium) chloride, (2b). Compound 2b was prepared in the same way as 2a from 1-methyl-3,4,5,6-tetrahydropyrimidine (0.98 g, 10 mmol) in DMF (10 mL) 1,3-Bis(chloromethyl)benzene (0.87 g, 5 mmol) was added slowly to give white crystals of 2b. 
(NCHN).
General procedure for the Suzuki coupling reaction Pd(OAc) 2 (1.5 mmol %), bis(tetrahydropyrimidinium) chloride, 2 (1.5 mmol %), aryl chloride (1.0 mmol), phenyl boronic acid (1.5 mmol), K 2 CO 3 (2 mmol), water (3 mL)-DMF (3 mL) were added to a small Schlenk tube and the mixture was heated at 80 o C for 5 h. At the conclusion of the reaction, the mixture was cooled, extracted with Et 2 O, filtered through a pad of silica gel with copious washing with Et 2 O, concentrated and purified by flash chromatography on silica gel. The purity of the compounds was checked by GC and yields are based on aryl chloride, (see Table 1 ).
